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PREFACE 

The  Agri-Environmental  Indicator  (AEI)  Project  of  Agriculture  and  Agri-Food  Canada  (AAFC)  was  initiated 
in  1993  in  response  to  recommendations  made  by  several  agencies,  organizations  and  special  studies. 
The  overall  objective  of  the  project  is  to  develop  and  provide  information  to  help  integrate  environmental 
considerations  into  decision-making  processes  of  the  agri-food  sector. 

The  project  aims  to  develop  a  core  set  of  regionally-sensitive  national  indicators  that  build  on  and  enhance 
the  information  base  currently  available  on  environmental  conditions  and  trends  related  to  primary 
agriculture  in  Canada.  The  soil  cover  and  management  component  of  the  Farm  Resources  Management 
indicator  is  an  important  part  of  the  agri-environmental  indicator  set.  Indicators  are  also  being  developed 
for  other  aspects  of  farm  resources  management  and  in  relation  to  issues  of  water  quality,  agroecosystem 
biodiversity,  soil  quality,  agricultural  greenhouse  gases  and  agricultural  production  efficiency. 

Research  results  in  the  form  of  discussion  papers,  scientific  articles  and  progress  reports  are  released  as 
they  become  available.  A  comprehensive  report  is  planned  for  fiscal-year  1998-1999. 

Comments  and  questions  on  this  paper  should  be  addressed  to: 

Dr.  Ted  Huffman 

Land  Resource  Evaluation  Program 

Eastern  Cereals  and  Oilseeds  Research  Centre 

Research  Branch,  Agriculture  and  Agri-Food  Canada 

Central  Experimental  Farm,  Ottawa,  Ontario 

K1AOC5 

Telephone:  (613)759-1846 
Facsimile:  (613)759-1924 
E-mail:  huffmant@em.agr.ca 


Digitized  by  the  Internet  Archive 
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1.  INTRODUCTION 

1.1  ENVIRONMENTAL  INDICATORS 

Over  the  past  two  decades,  concern  for  the  state  of  the  environment  and  the  prospects  for  sustainable 
development  has  focussed  considerable  attention  on  the  effects  of  agricultural  activities  on  soil  quality.  As 
a  result,  considerable  adjustment  of  land  use  and  production  activities  has  occurred,  but  there  is 
continuing  concern  that  more  changes  are  required  in  order  to  maintain  the  long-term  health  of  our  soils 
and  farming  industry.  One  of  the  primary  concerns  at  the  present  time,  after  10-15  years  of  conservation 
promotion,  education  and  implementation,  is  to  provide  some  answers  to  the  question  "How  are  we 
doing?"  In  other  words,  we  need  to  assess  our  progress  toward  environmentally  sustainable  agricultural 
production  practices.  One  method  of  monitoring  broad-scale  changes  is  through  development  of 
'indicators'  which  focus  on  different  aspects  of  the  agriculture/environment  interface. 

The  concept  of  using  'indicators'  as  a  method  of  tracking  changes  in  a  broad  and  varied  industry  arises  as 
a  result  of  the  impracticality  of  repeatedly  measuring  a  wide  range  of  specific  and  precise  conditions.  By 
carefully  assessing  the  suite  of  agricultural  activities  that  affect  environmental  quality,  a  few  key  variables 
that  can  be  monitored  efficiently  and  that  reflect  a  wider  range  of  changes  can  be  identified.  For  example, 
since  one  of  the  primary  factors  influencing  the  amount  of  wind  and  water  erosion  of  agricultural  soil  is  the 
amount  of  bare  soil  exposed  to  erosive  weather,  measuring  or  estimating  changes  in  soil  cover  over  time 
can  serve  as  an  'indication'  of  movement  toward  or  away  from  environmental  sustainability.  A  key  issue  in 


the  choice  of  an  indicator  is  to  identify  a  measure  which  has  a  consistent  implication  for  a  variety  of 
environmental  issues.  In  this  case,  for  example,  a  greater  amount  of  soil  cover  (particularly  crop  residue) 
not  only  helps  prevent  erosion,  but  helps  build  soil  carbon  levels,  thereby  sequesting  atmospheric  carbon 
dioxide  as  well.  In  addition,  soil  cover  can  provide  habitat  benefits  to  a  variety  of  wildlife,  thus  having 
positive  implications  for  biodiversity. 


1.2  SOIL  COVER 

The  assessment  of  changes  in  soil  cover  must  consider  two  factors.  First,  changes  in  the  area  of  crops 
which  provide  different  types  and  amounts  of  vegetative  and  residue  cover  represent  an  important 
determinant  of  the  overall  level  of,  and  changes  in.soil  cover.  For  example,  a  shift  from  hay  to  corn  or 
soybeans  constitutes  a  decrease  in  soil  cover  due  to  the  tillage  routines  involved  in  cultivating  an  annual 
row-crop  versus  a  perennial  sod  crop.  This  particular  example  therefore  represents  a  negative  impact.  At 
the  same  time,  however,  changes  may  have  been  occurring  in  the  tillage  practices  being  used  and, 
particularly  in  the  case  of  erosion-prone  crops  and  soil  types,  the  level  of  soil  cover  afforded  by  a  specific 
crop  may  have  changed.  For  example,  the  implementation  of  conservation  tillage  in  corn  production 
would  provide  a  positive  impact  by  increasing  soil  cover.  The  problem  is  to  determine  whether  the 
environmental  impact  of,  for  example,  a  minor  shift  from  hay  to  corn  is  compensated  for  by  widespread 
improvement  in  residue  levels  in  corn  production.  In  other  words: 

What  has  been  the  cumulative  affect  of  changes  in  crop  area  and  residue  management 
on  soil  cover  over  the  history  of  agriculture  in  Canada?  Is  the  situation  improving  or 
becoming  worse? 

This  report  outlines  a  study  which  addresses  these  issues  at  the  level  of  national  and  provincial  trends  in 
crop  production  and  land  management.  Findings  are  presented  with  specific  reference  to  the  impact  of 
these  changes  on  the  relative  amount  of  soil  cover  provided  by  the  various  crops  and  agricultural 
activities.  This  report  constitutes  the  first  'overview'  of  soil  cover  as  an  agro-environmental  indicator  and 
presents  the  framework  for  the  development  of  a  more  rigorous  'composite'  indicator  that  combines  land 
use  and  management  information. 

1.3  LAND  USE  AND  MANAGEMENT  DATA 

Since  the  amount  of  soil  cover  provided  by  an  agricultural  system  is  a  function  of  the  type  of  crop(s) 
grown,  as  well  as  the  management  of  crop  residue  between  growing  periods,  data  pertaining  to  land  use 
and  management  is  of  primary  concern.  Soil  scientists,  geographers  and  specialists  in  land  evaluation, 
land  degradation  and  rural  planning  have  for  some  time  been  promoting  the  need  for  current  and  accurate 


land  use  and  management  data  in  order  to  support  efforts  to  manage  resources  (Halstead  and  Dumanski, 
1977;  University  of  Guelph,  1978;  Cooteetal.,  1981;  Huffman  and  Dumanski,  1985;  Hileyand  Wehrhahn, 
1 991 ;  Jeck  et  al.,  1 990).  As  a  result,  a  number  of  different  land  use  inventory  techniques  based  on 
airphotos,  field  survey,  census  data  and  satellite  imagery  have  been  developed  to  address  the  issue. 

However,  current  efforts  to  analyze  and  monitor  agricultural  land  use  activities  find  these  techniques 
lacking  in  several  ways.  Air  photo  interpretation  (API),  or  API  combined  with  site  inspection  has  been 
used  extensively  in  regional  studies  and  is  accurate  and  detailed,  but  it  is  also  slow,  expensive  and 
oriented  to  land  cover,  with  little  opportunity  for  interpretation  of  socioeconomic  or  farm  structural 
characteristics.  An  adaptation  that  provides  socioeconomic  and  farm  activity  information  has  been 
successfully  demonstrated  in  several  regions  of  Canada  (Huffman  and  Dumanski,  1985),  but  again  the 
expense  and  time  required  restricts  its  use  to  small  areas  and  infrequent  time  intervals. 

Classification  of  satellite  imagery  is  a  versatile  approach,  with  a  variety  of  image  types  and  spatial 
resolutions  and  a  product  suitable  for  digital  manipulation  in  Geographic  Information  Systems  (GIS). 
However,  remote  sensing  suffers  from  a  lack  of  socioeconomic  interpretability  and  is  therefore  low  in 
analytical  potential.  Remote  sensing  has  been  employed  successfully  throughout  the  agricultural  regions 
of  Canada  (Ryerson  et  al.,  1979;  Wilson,  1986;  Energy,  Mines  and  Resources  Canada,  1987)  for  specific 
purposes,  but  in  the  context  of  land  use  analysis  for  the  whole  country,  the  cost  renders  it  impractical. 

The  national  Census  of  Agriculture  conducted  by  Statistics  Canada,  with  its  wide  variety  of  variables  and 
coverage  of  all  farms  every  5  years  (1961,  1966,  1971,  1976,  etc.)  has  tremendous  potential  for  analytical 
studies  over  large  areas.  For  detailed,  local  studies  the  Census  is  somewhat  restricted  by  a  lack  of 
locational  accuracy  and  the  fact  that  it  is  generally  available  only  on  the  basis  of  cultural  units  such  as 
Enumeration  Areas  (EA's),  Census  Subdivisions  or  Crop  Reporting  Districts.  For  national  and  provincial- 
level  evaluations,  however,  the  Census  can  provide  reasonably  consistent  data  over  a  fairly  long  time 
period  (1901  -  1991)  and  is  probably  the  best  source  of  the  information  necessary  for  developing  and 
reporting  on  soil  cover  as  an  agro-environmental  indicator. 

2.  METHODOLOGY 

2.1  THE  'CENSUS  OF  AGRICULTURE'  DATABASE 

The  Census  of  Agriculture  database  can  be  subdivided  into  four  sections:  1)farm  structure,  2)  crops  and 
land  use,  3)  livestock  and  4)  economics.  The  crops  and  land  use  section  is  of  most  relevance  to 
assessments  of  land  management  and  this  is  comprised  of  approximately  30  variables  relating  to  the  area 


of  land  use  types,  field  crops  and  specialty  crops.  There  have  been  some  changes  to  the  specific 
questions  asked  of  farmers  over  the  years,  but  for  the  most  part  variables  such  as  crops  can  be  reliably 
tracked  over  time.  Especially  at  the  provincial  and  national  levels,  where  a  certain  amount  of 
generalization  is  necessary,  the  data  is  comparable.  The  1991  (and  subsequent,  we  presume)  Censuses 
have  the  addition  of  a  'land  management'  section  dealing  with  tillage  practices  such  as  conventional, 
conservation  and  no-till  and  the  use  of  conservation  structures  such  as  windbreaks  and  grassed 
waterways. 

Census  data  at  various  levels  of  aggregation  has  only  become  available  in  electronic  format  since  1986, 
so  data  preparation  involved  extracting  pertinent  numbers  for  selected  crops  and  land  use  types  from 
archived  hardcopy  publications.  The  data  was  collected  at  the  provincial  level  for  all  provinces  except 
Newfoundland/Labrador  (due  to  incomplete  historical  records),  entered  into  a  spreadsheet  format  and 
analyzed  at  the  provincial  and  national  levels.  Information  was  extracted  for  ten-year  intervals  for  the 
period  1901  to  1991 .  The  raw  data,  presented  in  Appendix  1 ,  details  the  area  of  land  associated  with  each 
of  the  following  variables: 

1)  Total  Farmland  (crops  +  hay  +  pasture  +  treed  land  +  buildings,  lanes,  etc.) 

2)  Average  Farmsize  (Total  farmland  /  number  of  farms) 

3)  Cropland  (sum  of  all  crops) 

4)  Pasture  (Improved  pasture  only,  no  rangeland) 

5)  Summer-fallow  (cropland  not  cropped  for  one  year  for  moisture  and  weed  control) 

6)  Fruit  &  Berries  (tree  fruit,  blueberries,  strawberries,  grapes,  etc.) 

7)  Hay 

8)  Potatoes 

9)  Wheat 

10)  Oats  &  Barley 

11)  Corn 

12)  Soybeans 

13)  Tobacco 

14)  Canola 

The  choice  of  crops  as  listed  above  reflects  their  importance  in  Canadian  agriculture,  their  significance 
with  respect  to  soil  cover  and  their  consistent  reporting  in  the  Census.  Some  are  of  more  importance  at  a 
regional  level  than  nationally  (eg.  potatoes  and  summerfallow),  but  they  are  all  significant  at  the  provincial 
level  of  analysis.  The  values  presented  in  Appendix  1  have  been  collected  from  various  census 
documents  and  are  tabulated  for  the  years  1 901 , 1 91 1 , 1 921 ,  1 931 , 1 941 ,  1 951 ,  1 961 ,  1 971 ,  1 981 ,  and 
1 991 .  The  values  for  several  of  the  crops  (hay,  potatoes,  wheat,  oats  &  barley  and  corn)  for  the  years 
1 901  through  1 951  represent  the  area  for  the  year  following  or  the  year  preceding  the  tabulated  reference 
year.  However,  since  this  data  is  used  only  for  a  long-term  trend  analysis,  and  crop  areas  would  not  be 
expected  to  vary  widely  from  year  to  year,  this  inconsistency  was  ignored. 


There  is  some  question  as  to  the  reliability  of  the  Census  data  available  for  the  years  prior  to  1 931 ,  and  for 
certain  variables  and  regions  in  subsequent  years.  For  example,  the  values  for  'summerfallow'  in  Eastern 
Canada  are  generally  inflated  due  to  a  misunderstanding  of  the  meaning  of  the  term,  and  there  is  some 
concern  about  the  interpretation  of  the  description  of  'conservation  tillage',  especially  in  Atlantic  Canada. 
However,  since  this  is  a  general  overview,  and  much  of  the  problem  data  is  not  used  (i.e.  no  analysis  of 
summerfallow  in  the  East),  these  issues  are  not  addressed  in  this  report.  The  descriptions  of  Canadian 
agriculture  provided  here  should  only  be  considered  as  indicative  of  a  general  trend.  In  the  meantime, 
Agriculture  and  Agri-Food  Canada  has  a  study  underway  to  assess  and  validate  these  concerns. 

2.2  SELECTION  OF  INDICATORS 

2.2.1   LAND  USE 

The  first  factor  to  be  considered  in  an  assessment  of  the  impact  of  agriculture  on  the  environment,  and 
specifically  in  the  amount  of  soil  cover  provided  by  agricultural  activities,  pertains  to  the  amount  of  land  in 
agriculture.  All  other  things  being  equal,  the  less  farmland  there  is,  the  less  likely  there  is  apt  to  be  bare 
soil  due  to  farming  activities.  In  reality,  any  change  in  agricultural  soil  cover  afforded  by  a  change  in 
farmland  area  may  be  more  than  offset  by  a  shift  to  more  or  less  bare  soil  within  the  farmland  that  is 
utilized,  but  the  first  'indication'  of  agricultural  soil  cover  relates  to  the  amount  of  agricultural  land  in  use. 

Within  the  farmland  sphere,  different  crops  and  land  use  types  have  different  propensities  for  leaving  soil 
exposed  to  erosive  conditions  and  trends  in  the  area  of  different  crops  over  time  must  be  interpreted 
individually  with  reference  to  soil  cover.  For  example,  a  trend  of  increasing  rowcrops  such  as  potatoes  or 
corn,  or  of  summerfallow,  generally  indicates  a  movement  toward  higher  risk  of  soil  erosion,  while  a  trend 
of  increasing  hay  acreage  indicates  the  opposite.  That  risk  may  be  altered  (either  increased  or 
decreased)  by  the  specific  management  practices  used,  but  for  general  purposes  and  under  a  consistent 
tillage  routine,  crop  areas  and  trends  can  be  informative  with  respect  to  the  amount  of  soil  cover.  In  order 
to  present  an  overview  of  long-term  trends  in  soil  cover  in  Canada,  by  province  and  nationally,  five 
variables  in  the  realm  of  'land  use'  were  identified  as  being  important.  These  are:  1)  the  area  of  farmland, 
2)  the  proportion  of  farmland  cultivated,  3)  the  proportion  of  farmland  in  hay  and  pasture,  4)  the  proportion 
of  cropland  in  rowcrops  and  5)  the  proportion  of  cropland  in  summerfallow.  The  rational  for  the  use  of 
each  of  these  is  presented  below. 

1)       The  area  of  farmland.  A  region  or  a  time  period  in  which  there  is  a  greater  amount  of  farmland  is 
likely  to  have  a  greater  impact  on  agricultural  soil  cover  than  one  with  less  farmland.  That 
comparison  must  be  tempered  by  a  consideration  for  the  type  of  agriculture  that  is  carried  on  in 
the  respective  areas  or  time  periods,  since  one  farming  system  can  have  considerably  different 
soil  cover  characteristics  than  another,  but  it  is  of  paramount  concern  in  a  comparison  of  similar 


regions.  In  an  evaluation,  more  farmland  can  be  considered  as  an  indication  of  less  soil  cover. 

2)       The  proportion  of  farmland  cultivated.  A  cropping  system  which  includes  recurrent  soil 

cultivation  represents,  by  virtue  of  the  tillage  activities  involved,  a  lower  level  of  cover  over  the 
course  of  a  year  than  a  perennial  system  of  grass  or  trees.  As  a  general  rule,  the  potential  for 
degradation  by  erosion  can  be  considered  to  increase  as  the  amount  of  bare  soil  (among 
individual  plants  and  during  non-growing  seasons)  increases.  There  is  a  considerable  amount  of 
variability  in  the  amount  of  cover  provided  by  different  classes  of  cultivated  land  (i.e.  rowcrops 
such  as  corn,  vegetables,  potatoes  and  tobacco  provide  less  cover  than  grain  and  oilseeds,  which 
in  turn  provide  less  than  hay),  but  in  general  a  higher  proportion  of  farmland  under  cultivation 
indicates  a  higher  probability  of  bare  soil.  Thus  this  variable  correlates  negatively  with  soil  cover 
and  indicates  the  extent  and/or  the  trend  to  which  a  particular  region  may  be  susceptible  to  soil 
degradation  by  erosion. 

3)  The  proportion  of  farmland  in  hay  and  pasture.  Soil  erosion  on  sod  (hay  and  pasture  land)  is 
generally  restricted  to  localized  areas  of  bare  soil  immediately  after  harvest  or  on  cattle  paths  and 
at  watering  holes.  In  addition,  maintenance  of  high  yields  and  high  quality  in  a  hay  crop  generally 
relies  on  periodic  plough-down  and  reseeding,  and  at  that  time  there  is  considerable  bare  soil. 
However,  the  potential  for  soil  degradation  by  erosion  due  to  a  lack  of  soil  cover  is  considered  to 
be  low  for  lands  in  these  uses,  and  the  trend  and  extent  to  which  a  region  may  be  susceptible  to 
soil  degradation  will  be  revealed  by  the  proportion  of  farmland  in  hay  and  pasture. 

4)  The  proportion  of  cropland  in  rowcrops.  Since  'row  crops'  such  as  potatoes,  corn,  tobacco 
and  vegetables  tend  to  have  more  space  between  rows  than  other  crops  such  as  grain  and 
oilseeds,  and  may  be  subject  to  more  intensive  cultivation,  the  area  in  these  crops  can  be 
considered  as  an  indicator  of  soil  cover.  Trends  in  the  area  of  potatoes  and  corn,  crops  with  long- 
term  records  in  the  Census,  can  therefore  serve  to  reveal  changes  over  time  and  differences 
between  regions  in  the  amount  of  soil  cover. 

5)  The  proportion  of  cropland  in  summer-fallow.  The  practice  of  summerfallowing,  which  is  most 
common  in  the  prairies,  represents  a  lower  level  of  soil  cover  than  cropping,  since  the  soil  is 
usually  without  plant  canopy  for  the  entire  growing  season.  In  addition,  the  tradition  of  repeatedly 
cultivating  summerfallow  fields  for  weed  control  buries  the  previous  year's  crop  residue,  thus 
leaving  the  soil  essentially  bare  for  much  of  the  year.  Therefore,  a  trend  in  the  proportion  of 
cropland  in  summerfallow  indicates  a  trend  in  the  amount  of  soil  cover  and  a  trend  in  susceptibility 
to  soil  degradation  through  erosion. 


2.2.2  TILLAGE  PRACTICES 

As  noted  earlier,  the  interpretation  of  land  use  trends  with  respect  to  soil  cover  is  complicated  by 
management  practices  employed  by  farmers.  Tillage  practices  for  residue  maintenance  are  being 
developed  and  used  to  a  growing  extent  and  other  approaches  such  as  high  plant  densities  and  fast- 
growing  crop  varieties  reduce  the  potential  for  soil  degradation  by  erosion,  especially  in  high-risk  cropping 
systems.  A  reflection  of  the  interest  in  soil  conservation  is  contained  in  the  1991  Census  data,  which 
reports  on  the  adoption  of  various  agricultural  conservation  practices.  In  that  edition  of  the  national  survey, 
farmers  were  asked  to  report  on  the  area  under  conventional,  conservation  and  no-till,  the  amount  of 
summerfallow  with  weed  control  through  tillage  only,  chemicals  only  and  both  tillage  and  chemicals  and 


whether  or  not  they  used  forage  rotations,  winter  cover  crops,  strip-cropping,  contour  cultivation  or 
grassed  waterways. 

A  national  review  of  the  information  contained  in  the  'conservation  module'  of  the  1991  Census,  cross- 
referenced  with  the  size  of  farms,  farm  type,  off-farm  work,  farm  ownership  and  total  sales  levels  has  been 
published  previously  (Dumanski  et  al.,  1994).  In  the  current  study  the  information  on  tillage  practices  was 
used  to  identify  the  amount  of  cropland  subject  to  conservation  practices  and  thus  enhanced  soil  cover.  In 
this  way,  crop  areal  changes  as  well  as  changes  in  management  practices  can  be  incorporated  into  a 
'composite  soil  cover  index'.  The  information  utilized,  and  the  methodology  of  developing  the  soil  cover 
indicator,  is  outlined  below.  This  indicator  is  intended  to  reveal  trends  towards  or  away  from  sustainable 
farming  practices  by  indicating  changes  to  soil  cover,  a  key  factor  influencing  the  risk  of  soil  erosion.  No 
interpretations  concerning  acceptable  limits  are  provided. 

The  farm  management  practices  considered  in  this  report  are  those  which  are  employed  to  provide  a 
greater  degree  of  soil  cover  over  the  course  of  a  year.  For  example,  the  degree  of  soil  cover  on 
summerfallow  land  varies  depending  on  the  technique  employed  to  control  weed  growth.  Weed  control 
with  tillage  only,  by  relying  on  repeated  cultivations,  can  be  considered  to  result  in  a  low  level  of  cover, 
while  the  use  of  tillage  plus  chemicals  leaves  intermediate  levels  and  the  use  of  chemicals  only  eliminates 
the  need  for  cultivation  and  leaves  the  highest  level  of  cover.  For  cropland,  the  degree  of  soil  cover  varies 
under  different  cultivation  practices;  'conventional'  tillage  generally  refers  to  the  use  of  mouldboard  plows 
and  discs  to  bury  crop  residue  and  therefore  represents  low  levels  of  soil  cover,  'conservation'  tillage 
refers  to  the  use  of  implements  designed  to  maintain  residue  on  the  surface  and  thus  represents  medium 
levels  and  'no-till'  represents  the  highest  level  of  soil  cover. 

The  variables  of  the  1991  Census  referring  to  these  management  practices  are  as  follows: 

i)        Area  of  summerfallow  maintained  by  tillage  weed  control.  Traditionally,  the  practice  (primarily 
in  the  prairies)  of  fallowing  the  land  for  one  year  in  order  to  build  moisture  reserves  and  control 
weeds  required  that  routine  tillage  be  carried  out  periodically  throughout  the  growing  season. 
However,  the  tillage  tended  to  bury  crop  residue  and  thus  exposed  the  surface  (Neave  et.  al., 
1995)  which  increased  the  potential  for  soil  degradation  by  erosion.  In  the  past  10-15  years, 
however,  there  has  been  a  growing  recognition  of  this  fact  and  new  methods  of  summerfallowmg, 
including  reduced  tillage,  conservation  tillage  and  chemical  weed  control  have  been  increasing. 
Therefore,  it  is  expected  that  as  the  proportion  of  fallow  land  maintained  by  tillage  only  declines, 
the  potential  for  soil  degradation  by  erosion  also  declines. 

ii)        Area  of  summerfallow  land  maintained  by  chemical-only  weed  control.  Chemical-only  weed 
control  is  a  management  practice  which  represents  a  marked  improvement  towards  maintaining 
soil  cover.  The  improvement  results  from  maintaining  the  soil  aggregates  and  cover  through  the 
elimination  of  tillage.  Therefore,  an  increase  in  the  proportion  of  fallow  land  maintained  by 
chemical-only  weed  control  indicates  an  increase  in  the  level  of  soil  cover. 

iii)        Area  of  summerfallow  land  maintained  by  a  combination  of  chemical  and  tillage  weed 


control.  Chemical  and  tillage  weed  control  is  a  management  practice  which  represents  a 
moderate  improvement  towards  sustaining  soil  cover  by  reducing  the  amount  of  tillage  involved  in 
weed  control,  through  either  reduced  frequency  or  'spot  cultivation'.  Therefore,  the  proportion  of 
fallow  land  maintained  by  a  combination  of  chemical  and  tillage  weed  control  represents  a  level  of 
soil  cover  between  that  of  tillage  only  and  chemical  only. 

iv)       Area  of  cropland  prepared  for  seeding  using  conventional  tillage  practices.  "Conventional" 
tillage  practices  involve  the  use  of  tillage  implements  which  turn  over  the  top  15  to  20  cm  of  soil, 
burying  plant  residues  and  exposing  the  soil.  This  is  complemented  with  secondary  tillage 
designed  to  break  down  soil  aggregates  and  produce  a  smooth,  even  seedbed  (Brady,  1990). 
The  Census  definition  of  conventional  is  "incorporates  most  of  the  crop  residue  (trash)  into  the 
soil.  The  proportion  of  land  under  conventional  tillage  thus  provides  an  indication  of  the  amount  of 
bare  soil,  particularly  over  the  winter. 

v)       Area  of  land  prepared  for  seeding  using  conservation  tillage  practices.  "Conservation" 

tillage  is  a  management  practice  which  makes  use  of  implements  which  break  up  the  soil  and  kill 
weeds  but  do  not  turn  the  soil  over.  It  is  designed  to  maintain  crop  residue  on  the  surface  and 
represents  an  improvement  towards  maintaining  soil  cover.  The  Census  definition  reads  "retains 
most  of  the  crop  residue  (trash)  on  the  surface  (include  minimum  tillage  practices)".  Although  the 
degree  of  protection  offered  is  crop  dependent,  the  proportion  of  land  under  conservation  tillage 
indicates  a  reduction  in  the  amount  of  bare  soil  compared  to  conventional  tillage. 

vi)       Area  of  land  prepared  for  seeding  using  no-till.  No-till  is  a  management  practice  which 
maintains  all  plant  residue  on  the  surface.  This  practice  represents  the  highest  level  of  soil 
protection  attainable  through  cover  management.  The  Census  definition  defines  it  as  "no  tillage 
prior  to  seeding  (include  direct  seeding  into  stubble  or  sod  and  ridge  tillage).  The  level  of  soil 
protection  varies  between  crops  (i.e.  some  crops  produce  more  residue  than  others),  but  for  a 
specific  crop  no-till  provides  more  cover  than  either  conventional  or  conservation  tillage. 


2.2.3  COMPOSITE  SOIL  COVER  INDICATOR:  LAND  USE  +  TILLAGE  PRACTICE 

As  discussed  above,  the  type  of  crop,  the  tillage  practices  and  the  weed  control  methods  all  affect  the 
amount  of  soil  cover  provided  by  cropping  activities  within  a  region.  Trends  in  soil  cover  can,  therefore,  be 
affected  by  changes  in  all  of  these  factors  simultaneously,  indicating  the  need  for  a  composite  index.  With 
such  an  index,  crop  area  and  farm  management  information  was  used  to  provide  a  regional  estimate  of 
changes  in  soil  cover  over  the  period  1 901  -  1 991 . 

The  composite  crop/tillage  indicator  developed  for  this  assessment  rates  soil  cover  as  high,  medium  or 
low  based  on  the  type  of  crop  and  tillage  practice,  or,  in  the  case  of  summerfallow,  the  weed  control 
method.  Advice  from  regional  crop  and  farm  management  experts  was  used  to  designate  each 
combination  of  crop  and  management  practice  into  one  of  those  categories,  based  on  information  similar 
to  that  used  in  developing  C-factors  in  the  Universal  Soil  Loss  Equation  (USLE)  (Wischmeier  and  Smith, 
1978).  For  example,  for  this  study  we  consider  grain  corn  grown  under  conventional  tillage  to  provide  low 
soil  cover,  under  conservation  tillage  medium  cover  and  under  no-till  high  cover.  These  cover  estimates 
are  based  on  the  prevalent  tillage  practice  for  each  crop  in  a  Canadian  context.  For  example,  conventional 


tillage  for  corn  assumes  fall  moldboard  plowing,  while  conventional  grain  tillage  assumes  one  fall  pass 
with  a  field  cultivator.  The  crops  identified  as  being  of  primary  importance  in  Canadian  agriculture,  and 
which  have  good  long-term  Census  records  (presented  in  Appendix  1)  are  outlined  with  their  respective 
soil  cover  categories  in  Table  1 . 


Table  1 .  Categorization  of  crop/tillage  practices  into  soil  cover  categories. 


CROP 

TILLAGE  PRACTICE 

Conventional 

Conservation 

No-till 

Corn 

low 

medium 

high 

Potatoes 

low 

medium 

medium 

Wheat,  Barley,  Oats 

medium 

high 

high 

Hay 

high 

high 

high 

Fruit  &  Berries 

medium 

high 

high 

Tobacco 

low 

medium 

medium 

Canola 

low 

medium 

medium 

Soybeans 

low 

medium 

WEED  CONTROL 

high 

Tillaae 

Tillaae/Chemical 

Chemical 

Summerfallow 

low 

medium 

high 

In  order  to  assess  soil  cover  with  the  composite  index  as  presented  above,  the  area  of  each  tillage 
practice  as  reported  in  the  1991  Census  is  calculated  as  a  proportion  of  the  total  cropland  area,  and  those 
proportions  are  used  to  calculate  the  area  of  each  crop  in  each  soil  cover  category.  The  area  in  each  soil 
cover  category  is  then  summed  to  provide  a  single  provincial  and  national  figure  for  each  year 
documented  (Table  2).  Since  widespread  use  of  conservation  tillage  has  only  occured  within  the  last  10-15 
years,  for  1981  and  previous  Censuses,  all  summerfallow  land  was  considered  to  be  'tillage  only'  and  all 
cropped  land  was  considered  to  be  conventionally  tilled. 
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Table  2.  Example  of  calculations  used  to  develop  soil  cover  category  totals,  1981  and  1991 


Crop                     Area  (ha) 
1981 1991 


Soil  Cover  Category  Under: 
Conventional Conservation 


No-till 


Wheat 
Potatoes 


1000 
1000 


1000 
1000 


Proportion  of  land  in  1981: 
Proportion  of  land  in  1991: 


medium 
low 

1.0 
0.6 


Area  in  1981  Under: 

Low  Cover 
Medium  cover 
High  cover 

Area  in  1991  Under: 

Low  Cover 
Medium  cover 
High  cover 


(0.0  x  1000  ha  wheat) 
(1.0x  1000  ha  wheat) 
(0.0  x  1000  ha  wheat) 


(0.0  x  1000  ha  wheat) 
(0.6  x  1000  ha  wheat) 
(0.4  x  1 000  ha  wheat) 


high 
medium 

0.0 
0.4 


high 
high 

0.0 
0.0 


+  (1.0  x  1000  ha  potatoes)  =  1000  ha 
+  (0.0x1000  ha  potatoes)  =1000  ha 
+  (0.0  x  1000  ha  potatoes)  =       0  ha 


+  (0.6  x  1 000  ha  potatoes)  =  600  ha 
+  (0.4  x  1000  ha  potatoes)  =  1000  ha 
+  (0.0  x  1000  ha  potatoes)  =    400  ha 


Since  there  is  no  quantifiable  relationship  between  the  'high',  'medium'  and  'low'  soil  cover  categories, 

results  are  presented  in  the  form  of  charts  with  three  components  rather  than  as  a  single  soil  cover 

estimation.  The  analysis  presented  in  the  'land  use'  section,  in  which  farmland  area,  cultivated  land,  hay 

and  pasture,  rowcrops  and  summerfallow  proportions  are  tracked,  helps  to  provide  an  explanation  of  the 

relationships  amongst  the  following  three  components: 

i)  The  area  of  land  with  low  cover.  Land  under  low  cover  represents  the  highest  potential  for  soil 

degradation  as  a  result  of  soil  exposure.  Therefore,  the  extent  to  which  a  particular  region  may  be 
susceptible  to  soil  degradation  will  decrease  as  the  area  of  cultivated  land  under  low  cover 
decreases. 

ii)  The  area  of  land  with  medium  cover.  Land  under  medium  cover  represents  a  moderate  risk  of 

soil  degradation  due  to  lack  of  soil  cover.  Therefore,  the  extent  to  which  a  particular  region  may 
be  susceptible  to  soil  degradation  will  increase  if  land  shifts  from  high  cover  to  medium,  or 
decrease  as  land  is  shifted  from  low  cover  to  medium. 

iii)        The  area  of  land  with  high  cover.  Land  under  high  cover  represents  the  lowest  risk  of  soil 

degradation  due  to  cover.  Therefore,  the  extent  to  which  a  particular  region  may  be  susceptible  to 
soil  degradation  will  decrease  as  the  proportion  of  the  total  land  base  under  high  cover  increases. 
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3.  RESULTS 


3.1  LAND  USE 


3.1.1  AMOUNT  OF  FARMLAND 

The  national  data  for  farmland  area  as  presented  in  Appendix  1  shows  a  dramatic  increase  in  total 
farmland  in  Canada  from  approximately  25.6  million  ha  in  1901  to  more  than  double  that  (56.9  m  ha)  by 
1921  and  then  to  67.6  m  ha  by  1991.  The  area  has  varied  very  little  since  1931,  although  it  reached  a 
peak  in  1951  and  has  declined  slightly  since  then.  However,  the  distribution  of  farmland,  and  the  trend 
over  time,  is  quite  different  from  province  to  province  (Figure  1). 


Farmland  Area  (hectares) 
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Figure  1.  Total  Farmland  Area  in  Canada;  1901  - 1991. 

Saskatchewan  and  Alberta  have  by  far  the  greatest  farmland  area  of  all  provinces,  with  40%  and  31%  of 
the  country's  total  in  1991.  Manitoba,  Ontario  and  Quebec  follow,  but  with  only  11%,  8%  and  5%, 
respectively.  All  three  prairie  provinces  show  a  rapid  increase  in  farm  area  between  1901  and  1931,  and  a 
gradual  increase  since  then,  while  Ontario  and  Quebec  show  a  gradual  increase  to  a  peak  in  1941 , 
followed  by  a  steady  decline  to  1 991 .  Prince  Edward  Island,  Nova  Scotia  and  New  Brunswick  peaked 
around  1921  and  have  declined  slowly  since  then,  while  British  Columbia  has  undergone  a  steady 
increase  in  farmland  area  throughout  the  90  year  period. 
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In  terms  of  the  potential  for  bare  soil  within  the  agricultural  area,  all  provinces  east  of  and  including  Ontario 
show  an  improvement  (i.e.  a  decline  in  farm  area)  in  the  period  1 901  - 1 991 ,  while  the  four  western 
provinces  show  an  increasing  area  with  potential  for  soil  degradation  due  to  agricultural  activities. 
However,  the  area  of  farmland  per  se  is  not  a  good  indication  of  the  actual  trend  in  soil  cover,  as 
evidenced  by  the  following  parameters. 


3.1.2  PROPORTION  OF  FARMLAND  CULTIVATED 

The  proportion  of  total  farmland  that  is  cultivated  (all  annual  crops  plus  orchards,  berries,  specialty  crops, 
hay  and  summerfallow)  gives  an  indication  of  the  degree  to  which  agricultural  soils  are  at  risk  of  being 
exposed  to  erosion  by  weather.  The  national  summary  data  indicate  that  the  proportion  of  total  farmland 
cultivated  has  increased  steadily  from  approximately  32%  in  1901  to  61%  in  1991  (Figure  2).  During  this 
time,  the  absolute  area  of  land  in  crops  increased  by  41  percent  (Appendix  1).  The  provincial  summaries 
indicate  considerable  variability,  with  Manitoba  and  Saskatchewan  having  the  highest  proportion  of 
farmland  cultivated  throughout  the  90  years  and  Ontario,  undergoing  a  rapid  increase  in  the  period  1961  - 
1981,  rising  above  the  national  average  by  1991.  Prince  Edward  Island,  Quebec  and  Alberta  have 
followed  the  general  trend  of  a  gradual  increase,  but  are  slightly  below  average,  while  New  Brunswick, 
Nova  Scotia,  and  British  Columbia  have  the  lowest  proportion  of  cultivated  land. 
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Figure  2.  Proportion  of  Total  Farmland  in  Cultivated  Land;  1901  -  1991 
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A  national  trend  that  corresponds  to  that  of  the  prairie  provinces  shows  a  gradual  increase  in  proportion  of 
farmland  cultivated  over  the  first  20  years  of  this  century,  followed  by  a  rapid  increase  between  1920  and 
1930,  then  a  period  of  stability  for  10  years  followed  by  a  steady  increase  until  the  early  1980's,  when  the 
trend  to  increased  cultivated  land  began  to  level  off.  Between  1981  and  1991  British  Columbia  and 
Alberta  registered  a  decline  in  the  proportion  of  farmland  cultivated,  Manitoba,  Saskatchewan  and  Quebec 
remained  virtually  stable  and  Ontario,  Prince  Edward  Island,  New  Brunswick  and  Nova  Scotia  showed 
marginal  increases.  Nonetheless,  all  provinces  have  shown  considerable  increases  in  cultivated 
proportion  since  the  turn  of  the  century,  suggesting  that,  based  on  land  use  distributions  within  Canadian 
farms,  there  has  been  a  considerable  increase  in  the  risk  of  soil  degradation  due  to  a  lack  of  cover. 

The  increasing  proportion  of  farmlandthat  is  cultivated  has  implications  for  environmental  stress,  but  the 
degree  of  impact  is  dependant  on  the  actual  changes.  For  example,  if  'other'  farmland  such  as  forest  and 
pasture  has  been  converted  to  cultivated  land  at  the  same  time  as  there  has  been  a  shift  from  hay  and 
cereals  to  rowcrops,  then  the  increase  in  stress  will  have  been  even  greater  than  the  'cultivated'  trend 
suggests.  However,  if  the  increase  in  cultivated  land  was  accompanied  by  a  shift  from  rowcrops,  which 
provide  a  low  amount  of  soil  cover  to  crops  with  greater  cover,  such  as  cereals  and  hay,  the  impact  could 
be  generally  positive.  As  it  is,  based  on  only  cultivated  land  data,  it  appears  that  the  risk  of  soil  degradation 
by  erosion  increased  between  1 901  and  1 991 .  More  information  may  be  obtained  through  analysis  of 
different  crop  and  land  use  types. 


3.1.3  PROPORTION  OF  FARMLAND  IN  HAY  AND  PASTURE. 

The  proportion  of  farmland  that  is  devoted  to  hay  and  pasture  provides  an  indication  of  the  extent  to  which 
agricultural  soils  are  protected  from  erosion.  Land  in  hay  and  pasture  can  be  considered  to  have  low 
susceptibility  to  bare  soil,  and  therefore  as  the  proportion  of  farmland  in  these  uses  changes  the  potential 
for  soil  degradation  will  change  inversely.  At  the  national  level,  the  proportion  of  farmland  in  hay  and 
pasture  has  increased  from  approximately  10%  in  1901  to  15%  in  1991  (Figure  3).  This  indicates  that  a 
relatively  small  proportion  of  Canada's  farmland  falls  into  the  category  at  low  risk  of  bare  soil,  but  that 
proportion  has  increased  relative  to  more  intensively  cropped  land  over  the  90  year  period.  However,  there 
is  a  great  deal  of  variation  between  provinces. 
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Figure  3.  Proportion  of  Total  Farmland  in  Hay  and  Pasture;  1 901  -  1 991 . 

The  provincial  trend  lines  indicate  that  the  national  result  is  largely  due  to  the  prairie  provinces,  which  have 
a  large  share  of  the  Canadian  farmland  area  and  low  proportions  of  land  in  sod  (consistently  less  than  the 
national  average).  Prince  Edward  Island,  Quebec  and  Ontario  have  the  highest  proportions,  while  New 
Brunswick,  Nova  Scotia  and  British  Columbia  have  moderate  proportions  and  slightly  above  the  national 
average.  Of  particular  note  with  reference  to  bare  soil  trends  is  the  decline  in  hay  and  pasture  proportions 
in  provinces  with  the  highest  levels.  Prince  Edward  Island  has  shown  declines  since  1931,  Ontario  since 
1961,  Quebec  since  1971  and  Nova  Scotia,  New  Brunswick  and  British  Columbia  since  1981.  This 
indicates  that  in  the  most  intensive  regions  of  the  country,  the  proportion  of  farmland  under  low  risk  of 
being  bare  is  declining.  However,  a  positive  trend  is  apparent  in  the  prairies,  where  the  proportion  of 
farmland  in  sod  crops  continues  to  rise. 


3.1.4  PROPORTION  OF  CROPLAND  IN  ROWCROPS 

The  planting,  tillage  and  harvesting  practices  used  in  growing  rowcrops  such  as  corn,  potatoes  and 
tobacco  tend  to  leave  the  soil  with  less  surface  protection  than  those  used  with  perennial  hay  and  close- 
row  crops  such  as  grain.  The  amount  of  cropland  devoted  to  these  crops  is,  therefore,  an  indication  of  the 
risk  of  soil  degradation  due  to  land  use  within  the  agricultural  sphere.  The  statistic  "proportion  of  cropland 
in  rowcrops",  tracked  over  the  time  period  1901  -  1991  (Figure  4)  shows  a  relatively  stable  value  of  around 
3-4%  for  Canada  as  a  whole,  with  a  low  value  of  1.3%  from  1931  to  1961  and  a  peak  of  4.2%  in  1981.  The 
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implications  are  that  the  low  soil  cover  level  associated  with  rowcrops  does  not  present  a  large  or  growing 
environmental  hazard  for  Canada.  However,  the  very  low  proportion  of  rowcrops  in  the  prairie  provinces 
(generally  <1%),  coupled  with  their  high  amount  of  cropland,  gives  a  national  result  that  masks  much 
higher,  and  potentially  significant,  rates  in  the  eastern  provinces. 


Rowcrops  (Potato,  Tobacco,  Corn)  as  a  %  of  Cropland 
(Prairie  provinces  generally  <1) 
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Figure  4.  Proportion  of  Cropland  in  Rowcrops;  1901  - 1991. 

Figure  4  reveals  a  dramatic  increase  in  the  proportion  of  cropland  devoted  to  rowcrops,  starting  in  the 
early  1960's,  for  Ontario,  Quebec,  New  Brunswick  and  Prince  Edward  Island.  In  Ontario,  massive 
increases  in  corn  area  and  declines  in  tobacco  and  potatoes  result  in  a  trend  that  reached  a  peak  of  33% 
in  1981  and  then  declined  to  27%  by  1991.  The  recent  decline  is  due  to  a  reduction  in  tobacco  and  a  shift 
from  corn  to  soybeans.  New  Brunswick,  with  potatoes  dominating  the  rowcrop  area,  peaked  at  19%  in 
1971,  declined  to  17.5%  by  1981  and  has  remained  essentially  constant  since  then.  In  Quebec,  corn  area 
increased  13  -fold  between  1961  and  1991,  while  potato  area  declined  and  tobacco  remained  essentially 
constant  to  give  a  rowcrop  area  that  increased  from  3%  in  1961  to  21%  in  1991 .  PEI  shows  a  steady 
increase  in  potatoes,  corn  and  tobacco,  for  a  combined  increase  in  rowcrops  from  7%  of  cropland  in  1901 
to  22%  in  1991.  The  upward  trend  in  both  PQ  and  PEI  appears  to  be  continuing.  In  Nova  Scotia,  a 
decrease  in  potato  area  and  total  cropland  since  1901  and  a  significant  increase  in  corn  since  1971  results 
in  a  fairly  stable  trend  of  about  5-6%  rowcrops,  while  BC  shows  a  general  decline  from  5%  in  1901  to  2% 
in  1991. 

The  impact  of  rowcrop  cultivation  (per  se)  on  soil  cover  levels  appears  to  be  of  concern  in  Eastern 
Canada,  especially  in  ON,  NB,  PEI  and  PQ.  As  an  agri-environmental  indicator,  the  proportion  of  cropland 
under  rowcrops  highlights  a  worsening  situation  in  these  regions  and  reveals  the  need  for  conservation 
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practices  to  reduce  the  risk  of  soil  degradation.  Even  with  the  adoption  of  conservation  tillage  on  these 
crops,  one  must  assume  that  the  soil  is  under  more  stress  than  under  a  perennial  or  grain  crop  system. 


3.1.5  PROPORTION  OF  CROPLAND  IN  SUMMER  FALLOW. 

The  amount  of  summerfallow  in  the  Canadian  prairies  is  of  considerable  interest  in  bare  soil  assessments, 
not  only  because  of  the  large  area  in  agriculture  in  the  prairie  provinces,  but  also  because  that  practice 
has  traditionally  involved  recurrent  cultivation  throughout  the  growing  season,  leaving  the  soil  surface 
essentially  uncovered  for  several  months.  All  three  provinces  follow  a  trend  of  summerfallow  proportion 
that  is  embodied  in  the  summary  curve,  with  peaks  in  1941  and  1961  and  a  general  decline  since  1961 
(Figure  5).  The  1991  value  is  lower  than  at  any  point  since  1931 ,  even  though  there  has  been  a  15% 
increase  in  the  absolute  area  in  summerfallow  (Appendix  1).  This  discrepancy  reflects  the  overall 
increase  in  total  cropland  in  the  prairies  over  that  period. 


Summerfallow  as  a  %  of  Cropland 
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Figure  5.  Proportion  of  Cropland  in  Summerfallow:  1911-1991 
(Data  not  available  for  1901  &  1921). 

The  summary  suppresses  some  regional  variability,  even  though  provincial  trends  mirror  the  national 
pattern.  Saskatchewan  has  consistently  had  the  highest  proportion  of  cropland  in  summerfallow,  reaching 
peaks  of  70%  and  72%  in  1941  and  1961  respectively.  Manitoba  has  had  the  lowest  proportion  of 
cropland  in  summerfallow  throughout  the  study  period  and  by  1991  reported  only  6%.  The  rate  of  decline 


17 


in  summerfallow  levels  in  Alberta  and  Manitoba  has  been  steady  and  greater  than  in  Saskatchewan,  which 
showed  a  maintenance  of  levels  between  1971  and  1981.  By  1991  the  proportion  of  cropland  in 
summerfallow  had  declined  to  the  lowest  level  ever  for  Manitoba,  while  in  Saskatchewan  the  1991  value 
was  roughly  the  same  as  in  1 931 . 

The  decline  in  the  proportion  of  cropland  in  summerfallow  in  recent  years,  in  all  three  provinces,  can  be 
considered  as  an  indication  of  improvement  in  terms  of  soil  cover,  providing  changes  in  management 
practices  have  not  increased  the  extent  or  duration  of  bare  soil  on  summerfallow. 


3.2  TILLAGE  PRACTICES 

Throughout  the  discussion  of  trends  in  agricultural  land  use  and  their  implications  for  soil  cover  levels 
presented  above  there  is  an  underlying  assumption  that  the  amount  of  residue  provided  by  a  crop,  and  the 
management  of  that  residue  by  farmers,  has  been  consistent  over  time.  We  know  that  this  is  not  the  case. 
Crop  yields  (and  thus  straw  production)  varies  from  year  to  year,  while  at  the  same  time  many  farmers 
have  recently  adopted  conservation  tillage  in  order  to  retain  residue  on  the  surface.  For  the  purposes  of 
long-term  and  provincial  level  reporting  we  can  ignore  the  year  to  year  fluctuations  in  the  amount  of  straw 
produced,  but  the  adoption  of  conservation  tillage  is  a  relatively  recent  and  permanent  characteristic  that 
should  be  incorporated  into  the  analysis. 

As  noted  earlier,  the  1991  Census  data  contains  information  pertaining  to  the  use  of  on-farm  conservation 
practices.  Specifically,  data  available  are:  the  area  of  summerfallow  weed  control  by  tillage  only,  tillage 
plus  chemicals  and  chemicals  only;  the  area  of  seedbed  preparation  using  conventional  tillage 
(incorporates  most  of  the  crop  residue),  conservation  tillage  (retains  most  of  the  crop  residue  on  the 
surface)  and  no  tillage;  and  the  number  of  farms  using  winter  cover  crops  to  control  soil  erosion.  Since  the 
adoption  of  these  practices  has  occured  primarily  since  1 981 ,  we  can  assume  that  production  reported  by 
the  Census  for  all  years  up  to  and  including  1981  was  under  'conventional'  practices.  Thus  the 
incorporation  of  high,  medium  and  low  soil  cover  depending  on  tillage  practice  will  indicate  the  effect  of 
conservation  practices  on  long-term  soil  cover.  Since  there  are  no  common  'conservation'  or  'no-till' 
practices  associated  with  potato  and  tobacco  production,  we  have  used  the  percentage  of  farms  using 
winter  cover  crops  as  a  surrogate  for  conservation  and  notill  for  these  crops.  Table  3  provides  the 
proportions  of  area  and  farms  using  conservation  practices  as  determined  from  the  1991  Census. 
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Table  3.  Proportion  of  area  and  farms  using  various  conservation  practices,  by  province,  1991 


PRACTICE 

PEI 

NS 

NB 

PQ 

ON 

MB 

SK 

AB 

BC 

CAN 

SF:  Tillage  only* 

rVa 

rVa 

rVa 

rVa 

rVa 

73 

57 

58 

66 

58 

SF:  Tillage+Chemicals* 

iVa 

rVa 

rVa 

rVa 

rVa 

24 

39 

37 

31 

38 

SF:  Chemicals  only* 

rVa 

rVa 

rVa 

rVa 

rVa 

3 

4 

5 

3 

4 

Conventional  Tillage* 

91 

88 

85 

85 

78 

66 

64 

73 

83 

69 

Conservation  Tillage* 

8 

8 

13 

12 

18 

29 

26 

24 

12 

24 

NoTillage* 

1 

4 

2 

3 

4 

5 

10 

3 

5 

7 

Winter  Cover  Crops** 

9 

12 

10 

4 

20 

7 

6 

7 

11 

10 

*  =  %ofarea                **  =  %  of  farms 

3.3  COMPOSITE  SOIL  COVER 

The  combined  effect  of  changes  in  crop  areas  and  tillage  practices  can  be  cumulative  or  counteractive. 
For  example,  the  adoption  of  conservation  tillage  on  corn  (which  increases  cover)  may  be  accompanied 
by  an  areal  shift  from  corn  to  soybeans  that  is  sufficient  to  result  in  an  overall  decrease  in  cover.  At  the 
opposite  extreme,  a  reduction  in  the  area  of  summerfallow  may  be  accompanied  by  the  adoption  of 
chemical  weed  control  to  give  a  dramatic  improvement  in  overall  soil  cover.  Although  this  study  has  not 
quantified  the  amount  of  soil  cover  more  precisely  than  'low,  medium  and  high',  regional  trends  in  each  of 
these  parameters,  taking  into  consideration  both  crop  areal  changes  and  the  adoption  of  conservation 
practices,  are  shown  in  Figures  6,  7  and  8. 
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Figure  6.  Area  of  Cropland  under  'Low'  Cover,  1901  - 1991 
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Figure  7.  Area  of  Cropland  under  'Medium'  Cover,  1 901  -  1 991 . 
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Area  of  'High1  Soil  Cover 
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Figure  8.  Area  of  Cropland  under  'High'  Cover,  1901  - 1991. 

Compilation  of  these  regional  trends  at  a  national  level  (Figure  9)  shows:  1)  a  fairly  sharp  increase  in  the 
amount  of  farmland  under  low  cover  between  1 921  and  1 971 ,  followed  by  a  decline  to  1 991 ,  2)  an 
increase  in  medium  cover  between  1901  and  1941  and  a  fairly  level  trend  since  then,  and  3)  a  very  minor 
increase  in  high  cover  between  1 901  and  1 981 ,  followed  by  a  dramatic  increase  between  1 981  and  1 991 . 


'High'  'Medium1  and  'Low'  Soil  Cover, 
Canada,  1901-1991 
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Figure  9.  Area  of  High,  Medium  and  Low  Soil  Cover  in  Canada,  1901  - 1991, 
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4.  DISCUSSION 

4.1  NATIONAL  PERSPECTIVE 

In  Canada,  most  land  use  trends  indicate  a  negative  situation  in  terms  of  soil  cover  between  1 901  and 
1991 .  The  area  of  farmland  increased,  the  proportion  of  that  farmland  that  is  cultivated  increased,  the 
proportion  of  cultivated  land  under  annual  crop  production  increased  and  the  proportion  of  cropland 
devoted  to  rowcrops  increased.  On  the  other  hand,  two  trends;  a  decline  in  summerfallow  levels  and  an 
increase  in  the  amount  of  cultivated  land  under  conservation  and  no-tillage  systems,  have  positive 
implications  for  soil  cover  levels.  These  two  indications  of  a  move  to  improve  soil  cover  levels  are 
particularly  important  in  that  they  occur  in  the  latter  part  of  the  time  period,  between  1 961  and  1 991 ,  and 
especially  between  1981  and  1991. 

Although  it  is  fairly  clear  that  the  expansion  of  crop  production  in  Canada  in  this  century  has  exposed  a 
great  deal  of  soil  to  environmental  degradation  processes,  it  is  difficult  to  make  a  definitive  judgement  of 
whether  that  trend  is  continuing  or  not.  Farmland  expansion  has  levelled  off  and  summerfallow  levels  have 
declined,  while  conservation  tillage  is  expanding  greatly,  but  the  proportion  of  farmland  cultivated  and  the 
proportion  in  rowcrops  is  still  on  the  rise.  The  analysis  is  hindered  by  the  use  of  the  'qualitative'  measures 
high,  medium  and  low,  but  for  the  first  time  since  the  mid  1 920's  there  is  more  high  cover  than  low  cover 
in  Canada.  With  a  fairly  stable  medium  cover  component  it  seems  that  the  decade  of  the  1980's  was  very 
positive  in  terms  of  soil  cover.  As  a  result,  it  is  apparent  that  the  risk  of  soil  degradation  by  erosion  has 
declined  between  1981  and  1991  and  the  improvement  is  clearly  the  result  of  the  adoption  of 
management  practices  rather  than  a  shift  towards  crops  which  provide  a  naturally  higher  level  of  soil 
cover. 

4.2  REGIONAL  PERSPECTIVE 

The  national  perspective  hides  a  considerable  amount  of  regional  variability.  For  example,  in  all  three 
provinces  in  Atlantic  Canada  (excluding  Newfoundland),  the  amount  of  farmland  declined  between  1901 
and  1991 ,  and  even  though  cultivated  land  as  a  proportion  of  farmland  increased,  the  actual  amount 
decreased.  In  addition,  in  PEI  and  NB,  potatoes  have  replaced  other  crops  to  a  considerable  extent, 
thereby  increasing  the  risk  of  bare  soil  on  the  cultivated  area.  To  compound  matters,  the  production  of 
potatoes  does  not  lend  itself  easily  to  increased  residue  levels  through  management,  and  the  adoption  of 
conservation  practices  to  improve  soil  cover  is  less  dramatic  than  in  other  parts  of  the  country.  In  NS  the 
proportion  of  farmland  in  hay  and  pasture  has  increased  and  the  proportion  of  cultivated  land  in  rowcrops 
has  increased  only  slightly. 
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In  summary,  even  though  the  area  of  farmland  and  cultivated  land  in  Atlantic  Canada  has  declined 
significantly  over  the  period  1901  - 1991,  other  land  use  changes  have  occurred  such  that  the  absolute 
area  of  both  high  and  medium  cover  has  declined  and  the  amount  of  low  cover  has  doubled  in  PEI, 
increased  slightly  in  NB  and  declined  in  NS.  The  implications  are  that  increased  soil  cover  under  potato 
production  is  a  priority  to  improve  overall  soil  cover  levels  in  Atlantic  Canada. 

Quebec  and  Ontario  have  both  undergone  a  decline  in  farmland  area  at  the  same  time  as  the  proportion 
cultivated  has  increased  slightly.  The  high-cover  land  uses  of  hay  and  pasture  increased  as  a  proportion  of 
farmland  from  1901  to  about  1971,  but  declined  thereafter,  while  rowcrops  (mainly  corn)  increased 
dramatically  between  1971  and  1991 .  As  a  counteraction  for  the  bare  soil  traditionally  associated  with 
rowcrops,  there  has  been  a  moderate  level  of  adoption  of  conservation  and  no-till,  with  Ontario  showing 
greater  gains  in  that  aspect.  The  net  result  of  both  positive  and  negative  changes  has  been  a  decline  in 
high  and  medium  cover  conditions  and  an  increase  in  low  cover.  Increased  adoption  of  conservation 
practices,  especially  for  rowcrop  production,  would  benefit  soil  cover  in  central  Canada. 

In  the  prairie  provinces  the  total  area  of  farmland  has  increased  dramatically,  especially  in  Saskatchewan 
and  Alberta.  In  addition,  the  proportion  of  farmland  that  is  cultivated  has  increased,  leading  to  a 
complementary  increase  in  the  area  of  land  at  risk  of  low  soil  cover.  Rowcrops  are  not  a  significant  issue 
in  the  prairies,  but  the  practice  of  summerfallowing  has  traditionally  left  the  soil  bare  for  significant  portions 
of  the  year.  Summerfallow  proportion  increased  in  all  three  provinces  between  1901  and  1961,  but  has 
been  declining  since  then.  Overall,  through  most  of  this  century,  the  prairies  have  been  in  a  situation  of 
increasing  low  and  medium  soil  cover  and  decreasing  high  cover,  but  widespread  adoption  of 
conservation  tillage  and  reduction  in  summerfallow  since  the  early  1980's  has  reversed  those  trends. 
However,  the  continuing  large  area  of  medium  levels  of  soil  cover  leave  room  for  improvement  that  will 
probably  be  gained  through  residue  management  and  cover  crops. 

In  British  Columbia  farmland  area  increased  steadily  between  1901  and  1991,  the  proportion  of  farmland 
cultivated  increased,  hay  and  pasture  proportions  increased,  summerfallow  area  (in  the  Peace  River  area) 
increased  and  rowcrop  proportions  increased.  The  1991  Census  shows  moderate  levels  of  adoption  of 
conservation  and  no-till  land  management  in  BC.  In  summary,  the  history  of  expanded  farming  in  BC  in 
this  century  has  lead  to  increased  levels  of  high,  medium  and  low  soil  cover.  All  factors  together  have, 
however,  favoured  an  increase  in  high  levels  of  soil  cover.  From  the  data  available  to  this  study,  it  appears 
that  increased  adoption  of  conservation  practices  would  further  enhance  this  trend. 

The  results  from  the  regional  summaries  show  a  wide  degree  of  variability,  in  that  the  values  of  soil  cover 
differ  from  province  to  province,  as  does  the  relative  importance  of  changing  management  practices  and 
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changing  crop  distributions.    In  1981  four  provinces  (Alberta,  Saskatchewan,  Manitoba  and  Ontario) 
showed  a  larger  area  of  cultivated  land  classified  as  low  cover  than  as  high  cover,  whereas  by  1991  no 
provinces  showed  that  situation  (Ontario  showed  equal  areas  in  both  classes).  For  Canada  as  a  whole 
the  shift  was  from  twice  the  area  in  low  cover  as  in  high  cover  in  1981  to  25%  less  by  1991 .  All  provinces 
except  PEI  and  PQ  show  a  decline  in  the  area  of  land  in  low  cover  between  1981  and  1991  and  all  except 
NS,  NB  and  PQ  show  increases  in  the  area  under  high  cover. 

5.  CONCLUSIONS 

Changes  documented  in  Census  of  Agriculture  data  indicate  that  since  1901  there  has  been  an  overall 
decrease  in  the  level  of  soil  cover  on  farmland  in  Canada.  The  area  of  farmland  and  of  land  in  crops  has 
steadily  increased,  the  proportion  of  farmland  in  hay  has  decreased  and  the  proportion  in  summer-fallow  in 
1991  is  higher  than  in  1901.  This  decrease  in  soil  cover  indicates  an  increased  risk  of  environmental 
degradation  through  soil  erosion  at  both  the  national  and  provincial  levels.  However,  adoption  of 
conservation  management  practices,  a  reduction  in  summerfallow  levels  and  some  crop  changes  indicate 
that  during  the  more  recent  decades  there  has  been  a  shift  to  increased  soil  cover. 

Our  analysis  indicates  that  the  agricultural  industry  in  the  prairie  provinces,  Ontario  and  Prince  Edward 
Island  had  the  poorest  performances,  but  by  1991  the  quality  of  soil  cover  had  improved  in  these  five 
provinces,  especially  in  the  prairies.  The  significance  of  this  result  is  highlighted  by  the  large  share  of 
Canadian  agricultural  land  represented  by  these  five  provinces  (89.5  percent).  The  remaining  provinces 
each  registered  a  large  proportion  of  cultivated  land  under  high  cover  in  both  1981  and  1991. 

Reference  to  the  management  and  crop  change  data  indicates  that  the  improvements  in  soil  cover  have 
been  attained  primarily  through  the  adoption  of  conservation  management  practices  such  as  chem-fallow, 
reduced  summerfallow  and  conservation  tillage.  However,  in  most  cases  these  improvements  have  been 
significantly  negated  by  shifts  to  crops  which  provide  less  cover,  such  as  potatoes,  corn,  soybeans  and 
canola.  These  results  indicate  that  it  is  critical  to  identify,  at  least  at  the  provincial  level,  parts  of  the 
country  that  should  be  monitored,  and  where  increased  efforts  to  address  soil  degradation  through 
conservation  and  crop  choices  should  be  made. 
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6.  FURTHER  WORK 

Work  on  a  soil  cover  /  land  management  indicator  is  ongoing,  with  the  emphasis  on  improved  crop 
specificity  and  spatial  stratification.  The  data  and  analysis  presented  above  show  that  there  is  a  variety  of 
forces  and  reactions  at  work  and  we  could  do  well  to  explore  these  issues  in  more  detail. 

Currently,  we  are  developing  "bare  soil  days"  (BSD)  indices  for  each  crop  and  region  in  order  to  quantify 
and  provide  more  precision  for  the  high-medium-low  cover  designation.  Under  the  BSD  concept,  an  index 
is  developed  which  shows  the  cumulative  number  of  days  that  would  likely  be  bare  soil  under  each  crop 
and  typical'  management  scheme.  These  values  will  be  multiplied  by  the  appropriate  crop  areas  at  sub- 
provincial  'Ecodistrict'  levels  in  order  to  define  regional  trends  and  characteristics.  This  will  allow  much 
more  precise  identification  of  soil  cover  changes  and  will  enable  us  to  pinpoint  contributing  factors. 
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APPENDIX  1. 
Farmland  and  Crop  Areas,  by  Province  and  National 
Census  of  Agriculture,  1901  - 1991. 
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